Introduction {#S0001}
============

Head and neck squamous cell carcinomas (HNSCCs) rank as the sixth most common neoplasm in the world, about 600,000 new cases worldwide each year, with 40--50% mortality.[@CIT0001] More than 90% of the oral malignancies are squamous cell carcinomas, which arise from the epithelial lining of the oral cavity. Although cancer therapy has improved rapidly over the past decade, particularly advanced radiotherapy with or without chemotherapy, enhanced surgical procedures and immunotherapy, questions remain unanswered regarding accurate and effective biomarkers of disease.[@CIT0002],[@CIT0003] It is reported that Melanoma-associated antigen-A (MAGE-A) proteins are highly expressed in oral squamous cell carcinoma (OSCC) and are promising targets for cancer immunotherapy.[@CIT0004],[@CIT0005] Several authors have already described significantly lower 5-year survival rates of patients with certain types of cancers that express MAGE-A antigens, and there is also a study that reveals that MAGE-A3, -A4, -A5, -A9, -A11 are factors that are related to metastatic tendencies.[@CIT0006]--[@CIT0008]

Melanoma-associated antigen-A11 (MAGE-A11), as a member of the MAGE-A family, which belongs to Cancer/testis antigens (CTA), is an X-linked and primate-specific steroid hormone receptor transcriptional coregulator and proto-oncogenic protein expressed at low levels in normal human reproductive tract tissues and at higher levels in castration-resistant prostate cancer where it is required for androgen-dependent cell growth.[@CIT0009]--[@CIT0011] Melanoma-associated antigen (MAGE) has been identified in a variety of types of cancer.[@CIT0012],[@CIT0013] The expression of several MAGE subgroups is correlated with poor prognosis and chemotherapeutic resistance.[@CIT0014] It was reported that MAGE-A11 is an independent poor prognostic marker for esophageal squamous cell carcinoma (ESCC).[@CIT0015] And frequently expressed in breast cancer which is associated with poor prognosis as well.[@CIT0016] MAGE-A11 is activated through TFCP2/ZEB1 binding sites demethylation as well as histone modification.[@CIT0017],[@CIT0018] Overexpression of MAGE-A11 changed a variety of gene expressions, which was associated with various cell functions such as protein ubiquitination, cell proliferation and apoptosis, tumor invasion and metastasis.

In this study, we aimed to reveal the expression levels and the prognostic relevance of MAGE-A11 in HNSCC tissues by immunohistochemistry in a random sample of 75 patients with HNSCC, exploring how it affects clinicopathological features and patient survival. Furthermore, we aimed to find a new molecular target that could be used as prognostic tools for improving the follow-up care of patients with HNSCC.

Materials and Methods {#S0002}
=====================

Parents and Ethics Statements {#S0002-S2001}
-----------------------------

The formalin-fixed, paraffin-embedded specimens used for immunohistochemistry were collected from 75 HNSCC patients after surgical resections with no preoperative chemotherapy or radiotherapy in the Oral Hospital of China Medical University from 2013 to 2014. Data were collected from the patients' operative and pathological reports, and follow-up data were retrieved from the clinical database. Clinicopathological data and patient characteristics were obtained from medical archives by retrospective analysis. The Human Research Ethical Committee of the China Medical University Affiliated Stomatological Hospital had approved that the use of these tissue samples for the study is reasonable. We had got the agreement of all the patients included in the study that their tumor samples could be used for the purpose of investigation during their initial diagnosis. Furthermore, written consents showing that we obtained the patients' willingness to take part in this study from all participants. This study was conducted in accordance with the Declaration of Helsinki.

RNA Extraction and Real-Time PCR Assay {#S0002-S2002}
--------------------------------------

First, total RNA from 10 cases of HNSCC tissues and paired non-cancerous tissues were extracted by using TRIzol (Invitrogen, Carlsbad, CA, USA). Then, human immortal keratinocyte line (HaCaT), HNSCC cell lines (Cal27, Tca8113 and SCC9) were grown in a 6-well culture plate to 70--80% confluence before total RNA extraction with TRIzol (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. 500 ng total RNA were reverse transcribed to cDNA using QuantiTect Reverse Transcription Kit (TaKaRa, Shiga, Japan). The SYBR green dye (Takara, Shiga, Japan) was used for the amplification of cDNA. The mRNA levels of MAGE-A11, as well as that of the internal standard GAPDH, were measured by real-time quantitative PCR in triplicate using an Mx3000P^TM^ Real-Time PCR System by Agilent (Stratagene, La Jolla, CA, USA). The specific primers used for these genes are listed in [Table 1](#T0001){ref-type="table"}.Table 1Sequence of PrimersGenePrimers (F: Forward; R: Reverse)Amplicon Size (bp)MAGE-A11F: 5ʹ-TGAGCAAGGTGAGCACTATGT-3'198R: 5ʹ-CCCACAGCACTTGTTCTCCT-3'GAPDHF: 5ʹ-GTCGGAGTCAACGGATTTGG-3'166R: 5ʹ-TGACGGTGCCATGGAATTTG-3'

Immunohistochemical Staining {#S0002-S2003}
----------------------------

First, paraffin sections were taken from the specimens and cut into 4-μm thick sections. They were then added onto poly-lysine-coated slides and incubated at 65°C overnight. The incubated slides were then deparaffinized in xylene and rehydrated with graded alcohol. The next step was to retrieve the antigen using citrate buffer (pH 6.0) and store the slides in Tris buffered saline (TBS). In order to block endogenous peroxidase activity, 3% hydrogen peroxide was added to the slides. They were then incubated overnight at 4°C in rabbit polyclonal antibody (MAGE-A11) solution at 1:50 dilution. Finally, the slides were incubated with horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin, and color was developed using the DAB Horseradish Peroxidase Color Development Kit (Maixin Co., Fuzhou, China).

Evaluation of Immunostaining {#S0002-S2004}
----------------------------

Two independent pathologists were separated to deal with the evaluation for positive DAB staining of all the immunoreactions. Exam every slide five times, and observed 100 cells during each examination using a medical microscope at 400 times magnification. There was positive immunostaining of the tumor cell membranes. Tissue samples stained for MAGE-A11 expression were classified into five categories and given a score from 0--5 according to the percentage of positively stained cells in each sample: "0" (0%), "1" (1--5%), "2" (5--25%), "3" (25--50%) and "4" (50--100%). Additionally, the staining intensity of tissue samples was used to divide them into four categories and assign them a score between 0--3: 0: negative, 1: weak, 2: moderate and 3: strong. Then, the sum of the first and second score was used to determine MAGE-A11 expression levels: 0--2, low expression and 3--7, high expression. In this way, HNSCC patients were divided into two groups: MAGE-A11-high and MAGE-A11-low patients.

Statistical Analysis {#S0002-S2005}
--------------------

In this study, all statistical analyses were performed using the SPSS version 17.0 software (SPSS, Chicago, IL, USA). The possible connection between MAGE-A11 expression and clinicopathological features of HNSCC patients was examined using the χ^2^ test. Five-year Kaplan-Meier survival curves were generated, and the differences between the curves were estimated using the Log rank test. OS curves (overall survival), defined from HNSCC diagnosis to the date of death from any cause recorded were generated to determine the survival differences between the MAGE-A11-high and MAGE-A11-low patients. Based on the results of these two curves, the effects of MAGE-A11 expression on patient survival was examined using the hazards regression (HR), with the calculation of both univariate and multivariate Cox proportional HR models. It was considered statistically as significant differences when *P* values were less than 0.05.

Bioinformatics Analysis {#S0002-S2006}
-----------------------

We analyzed with different bioinformatics tools, including GEPIA ([<http://gepia.cancer-pku.cn>]{.ul})[@CIT0019] and UALCAN ([<http://ualcan.path.uab.edu>]{.ul}).[@CIT0020] We used GEPIA, a web server for cancer and normal gene expression analyses and survival analyses, to extract MAGEA11 expression data from the Cancer Genome Atlas (TCGA) data portal and the Genotype-Tissue Expression (GTEx) database in 31 tumor types. All plotting features in GEPIA are developed using R (version 3.3.2) and Perl (version 5.22.1) programs. And a total of 519 HNSCC sample tissues and 44 "normal" samples taken adjacent to tumors were enrolled in this study. Regarding parameter settings, \|log2FC\| Cutoff of 1 and a q-value Cutoff of 0.01 were selected. UALCAN, a portal for facilitating tumor subgroup gene expression, can analysis MAGEA11 positively correlation genes in HNSCC.

Results {#S0003}
=======

MAGE-A11 Is Overexpressed and Correlated with Poor Prognosis in HNSCC {#S0003-S2001}
---------------------------------------------------------------------

We performed TCGA database GEPIA analysis to identify the expression level of MAGE-A11 mRNA in the most common cancers. As shown in [Figure 1A](#F0001){ref-type="fig"}, MAGE-A11 mRNA expression was especially upregulated in squamous cell carcinoma in head and neck squamous cell carcinoma (HNSCC) and lung squamous cell carcinoma (LUSC). The information of all patients was from TCGA HNSCC database and the patients included 519 cases of HNSCC patient tissues (Tumor) and 44 cases of non-tumor patient tissues (Normal) (\*\*\**P* \< 0.001) ([Figure 1B](#F0001){ref-type="fig"}). Based on the expression of MAGE-A11 mRNA, we performed the Kaplan-Meier analysis to estimate patient's DFS. As shown in [Figure 1C](#F0001){ref-type="fig"}, Kaplan-Meier survival curve showed that patients with high MAGE-A11 expression had worse DFS in HNSCC patients (*P* = 0.042). Bioinformatics analysis results showed that MAGE-A11 mRNA expression may positive relate with the expression of PRAME, DNAH14 and GTSF1 proteins by using UALCAN online tool ([Figure 1D](#F0001){ref-type="fig"}--[F](#F0001){ref-type="fig"}).Figure 1MAGE-A11 levels in HNSCC patients from bioinformatics analysis. (**A**) MAGE-A11 expression profile across all tumor samples and paired normal tissues. Each dot represents expression of samples. (**B**) MAGE-A11 mRNA expression in HNSC cancer tissues (T) and Normal tissues (N). (\*\*\**P* \< 0.001). (**C**) Kaplan--Meier survival curves for ﻿disease-free survival (DFS) in HNSCC patients according to MAGE-A11 expression (*P* = 0.042). (**A**--**C**) data were from GEPIA online tool. (**D**--**F**) Genes positively correlated with MAGE-A11 in HNSCC by UALCAN online tool.

To further validate the mRNA expression of *MAGE-A11*, we assessed the expression levels of *MAGE-A11* by qRT-PCR in 10 HNSCC tissues and paired non-cancerous tissues. As shown in [Figure 2A](#F0002){ref-type="fig"} the mRNA expression of *MAGE-A11* had significant change (*P* \< 0.0001). Nevertheless, the expression of MAGE-A11 in tumor cell lines (Cal27, Tca8113, SCC9) was increased compared with human immortal keratinocyte line (HaCaT) ([Figure 2B](#F0002){ref-type="fig"}). From the results, we found that the mRNA expression of *MAGE-A11* was significantly upregulated in HNSCC tissues and cell lines.Figure 2The expression of MAGE-A11 in HNSCC tissue specimens and cell lines using qRT-PCR. (**A**) mRNA expression analysis of MAGE-A11 in 10 pairs HNSCC by qRT-PCR. (**B**) qRT-PCR analysis of MAGE-A11 level in HNSCC cell lines. mRNA abundance was normalized to GAPDH.

High Expression of MAGE-A11 Is an Adverse Prognostic Factor in HNSCC Patients {#S0003-S2002}
-----------------------------------------------------------------------------

To validate the potential clinical utility of MAGE-A11 expression, a total of 85 paraffin-embedded samples were enrolled in this study, including 75 cases of HNSCC tissues and 10 cases of "Normal" tissues (the adjacent normal tissues/non-cancerous tissues). The detailed clinical characteristics include diagnosis at age, gender, tumor size, lymph node metastasis, TNM Stage, radiotherapy, chemotherapy, relapse, differentiation ([Table 2](#T0002){ref-type="table"}). All patients were between the ages of 32 and 78 years (58.1 ± 8.47 years). With the paraffin-embedded HNSCC specimens staining, the expression of MAGE-A11 was high in 55 (73.3%) of the 75 cancer patients and low in 20 (26.7%) of the 75 patients, respectively. Further analysis revealed MAGE-A11 staining was predominantly in HNSCC tissue and the "Normal" (*P* \< 0.001). As shown in [Figure 3](#F0003){ref-type="fig"}, MAGE-A11 was detected in cancer cells either in the nucleus, the nucleus & cytoplasm, and the cytoplasm, with the combined pattern of staining predominating. [Table 3](#T0003){ref-type="table"} summarizes the associations between MAGE-A11 expression and clinicopathological variables. There was no significant correlation between the MAGE-A11 expression and the clinicopathological parameters including age (*P* = 0.222), gender (*P* = 0.727), tumor size (*P* = 0.339), lymph node metastasis (*P* = 0.773), TNM stage (*P* = 0.861), radiotherapy (*P* = 0.624), chemotherapy (*P* = 0.569), relapse (*P* = 0.174), differentiation (*P* = 0.514).Table 2Clinicopathological Data in HNSCC PatientsVariablesCase, n (%)Age (years) \<6040 (53.3%) ≥6035 (46.7%)Gender Male54 (72%) Female21 (28%)Tumor size ≤2 cm58 (77.3%) \>2 cm17 (22.7%)Lymph node metastasis Negative47 (62.7%) Positive28 (37.3%)TNM Stage I + II40 (53.3%) III + IV35 (46.7%)Radiotherapy No52 (69.3%) Yes23 (30.7%)Chemotherapy No63 (84%) Yes12 (16%)Relapse No39 (49.3%) Yes36 (50.7%)Differentiation Low/Medium26 (34.7%) High49 (65.3%)MAGE-A11 Low20 (26.7%) High55 (73.3%) Table 3Correlation of MAGE-A11 Immunoreactivity with Clinicopathological Variables in HNSCC PatientsClinicopathological VariablesNumber of PatientsHigh MAGE-A11 Expression (55)Low MAGE-A11 Expression (20)*p* valueAge (years) \<60 years53.3%27130.222 ≥60 years46.7%287Gender Male72%39150.727 Female28%165Tumor size ≤2 cm77.3%41170.339 \>2 cm22.7%143Lymph node metastasis Negative62.7%35120.773 Positive37.3%208TNM Stage I+II53.3%29110.861 III+IV46.7%269Radiotherapy No69.3%39130.624 Yes30.7%167Chemotherapy No84%47160.569 Yes16%84Relapse No49.3%26130.174 Yes50.7%297Differentiation Low/Medium34.7%2060.514 High65.3%3514 Figure 3Immunohistochemical staining of MAGE-A11 in HNSC cancer and "Normal" tissues. (**A, E, I**) Negative expression of MAGE-A11 in the matched adjacent "Normal" Head and neck squamous cell tissues. (**C**) Weak staining of MAGE-A11 in HNSCC tissues. (**G**) Moderate staining of MAGE-A11 in HNSCC tissues. (**K**) Strong staining of MAGE-A11 in HNSCC tissues. (**B, D, F, H, J**, and **L**) are high-resolution enlarged images. Green bar scale: 50 μm, Red bar scale: 100 μm.

Then, we evaluated the prognostic power of MAGE-A11 protein on overall survival (OS) in 75 HNSCC patients. The patients with high MAGE-A11 expression had lower 5-year OS rates than those with low MAGE-A11 expression as determined using the Kaplan--Meier method (*P* = 0.027, [Figure 4](#F0004){ref-type="fig"}). To evaluate the impact of each variable on OS, univariate and multivariate Cox regression were used, as shown in [Table 4](#T0004){ref-type="table"}. In the univariate analysis, the significant factors associated with OS included Tumor size (HR = 2.106, 95% CI = 1.042--4.26, *P* = 0.038), Lymph node metastasis (HR =2.082, 95% CI = 1.072--4.047, *P* = 0.03), TNM stage (HR =2.020, 95% CI = 1.016--4.019, *P* =0.045), Relapse (HR = 77.27, 95% CI = 10.475--570.006, *P* \< 0.001) and MAGE-A11 expression (HR = 2.582, 95% CI =1.068--6.247, *P* = 0.035). In multivariate analyses, both MAGE-A11 expression (*P* = 0.002) and Relapse (*P* \< 0.001) were associated with poor OS ([Table 4](#T0004){ref-type="table"}).Table 4Univariate and Multivariate Analysis of Overall Survival in HNSCCVariablesUnivariate AnalysisMultivariate AnalysisHR95% CIP valueHR95% CIP valueAge (≤60 vs \>60)1.6330.839--3.1810.149Gender (Male vs Female)0.6920.338--1.4160.313Tumor size (≤2 vs \>2 cm)2.1061.042--4.260.038Lymph node metastasis (negative vs positive)2.0821.072--4.0470.03Differentiation (Low/Medium vs High)0.7620.379--1.5300.444TNM stage (I+II vs III)2.0201.016--4.0190.045Relapse (no vs yes)77.2710.475--570.006\<0.001135.82616.950--1088.419\<0.001Radiotherapy (no vs yes)0.6410.300--1.3730.251Chemotherapy (no vs yes)1.8070.817--3.9970.144MAGE-A11 expression (low vs high)2.5821.068--6.2470.0356.4812.002--20.9850.002 Figure 4Kaplan--Meier survival curves for overall survival according to MAGE-A11 expression in HNSCC patients. *P* values were obtained by Log rank test (*P* = 0.027).

Discussion {#S0004}
==========

MAGE-A11, a member of the type I cancer-testis antigens, which expressed on the X chromosome, expressed at a higher level in a wide variety of human malignancies, including breast cancer, prostate cancer, head and neck cancer and esophageal squamous cell carcinoma.[@CIT0015],[@CIT0021],[@CIT0022] Importantly, previous studies showed that MAGE-A11, a key oncoprotein correlation with poor prognosis and survival in cancer, plays crucial role in the development of HNSCC.[@CIT0023],[@CIT0024] Hartmann et al shows that MAGE-A11 expression contributes to cisplatin resistance in head and neck cancer.[@CIT0025] We hypothesized that MAGE-A11 expression may be a predictor of malignant transformation in HNSCC.

Over the past decades, the MAGE protein family, which is a highly conserved group of proteins that share a common MAGE homology domain, has led to numerous insights that MAGEs were involved not only in stem cell differentiation and tumorigenesis progression, but also in invasion and metastasis.[@CIT0026],[@CIT0027] MAGE-A11, the unique steroid hormone receptor transcriptional coregulator among the type I MAGEs, is known to be involved in the transcriptional activity of androgen receptor (AR) by binding with p160 in prostate cancer.[@CIT0028]--[@CIT0030] Furthermore, MAGE-A11, as a transcriptional activator of E2F1 and androgen receptor, interacts with retinoblastoma-related protein p107 and enhances prostate cancer cell growth.[@CIT0021],[@CIT0031],[@CIT0032] Mounting evidence indicated that MAGE-A11 was a key regulator of the survival of tumors by stabilizing HIF-1alpha levels. Recent studies have shown that MAGE-A11 can promote cell invasion and chemoresistance, though the targets underlying these processes are still poorly defined.

HNSCCs are among the most common cancers and high incidence and mortality worldwide, with being frequently diagnosed at advanced stage.[@CIT0033] The tobacco, alcohol, Epstein-Barr virus (EBV) and human papilloma virus (HPV) infection are widely perceived as the carcinogens, which could promote multiple sites carcinogenesis of the upper aerodigestive tract.[@CIT0034]--[@CIT0038] The current treatment strategies of patients with HNSCC including surgery, radiation therapy (RT), chemotherapy with small molecule inhibitors or antibodies, immunotherapy, targeted therapy or combined modality treatments.[@CIT0039],[@CIT0040] Head and Neck cancers continue to pose a major treatment challenge for identification of biomarkers for the early detection and prognosis of HNSCC.

Accumulating evidence indicates that uncontrolled upregulation of MAGE-A11 protein is associated with abnormal tumor development and progression. Therefore, understanding the MAGE-A11 expression is important for cancer prevention and therapy. In this study, we used the data from the Cancer Genome Atlas dataset (TCGA-HNSCC) to analyze the expression and survival for MAGE-A11 using the online tool of GEPIA and UALCAN. The data analysis of TCGA-HNSCC showed that MAGE-A11 were highly expressed in HNSCC compared with the normal tissues and their expression level was correlated with the disease-free survival time. The expression of PRAME, DNAH14, GTSF1 genes are positively correlated with MAGE-A11 expression in HNSCC by UALCAN online tool. These indicated that MAGE-A11 may be a potential target for HNSCC. Furthermore, the gene expressions of MAGE-A11 were verified by quantitative real-time PCR in the patients and cell lines with HNSCC and we found that MAGE-A11 was up-expressed in HNSCC tissues and cell lines. Then, we incorporated staining intensity and percentage of immunopositivity tumor cells for the scoring of MAGE-A11 expression in HNSCC tissues. The results indicated that MAGE-A11 expression was significantly higher in cancerous tissues than adjacent-tumor tissues. Moreover, MAGE-A11 protein was found to be related to lymph node metastasis and recrudescence in the 75 HNSCC samples. The Cox regression analysis showed MAGE-A11 protein was detected as an independent prognostic factor for overall survival in HNSCC patients.

Taken together, we identified MAGE-A11 as a potential prognostic predictor for HNSCC patients. The study provides a set of relative target genes for future investigation into the molecular mechanisms and biomarkers. However, further function investigation is needed to explore the molecular mechanism of MAGE-A11 in HNSCC progression and metastasis.
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